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Abstract 
The rate of commercialization for technology developed in junction with academic 
institutions has risen dramatically over the past 30 years. Since the introduction of the 
Bayh-Dole Act in 1980, the amount of intellectual property owned by academic institutions 
has increased exponentially, and with that, there has also been an increase in the number 
of university spinouts generated. However, the increase of spinouts does not match the rate 
of increase in intellectual property. The National Science Foundation has created the 
Innovation Corps (I-Corps) program to help bridge this gap and provide academic 
professionals and students the tools necessary to commercialize technology and produce a 
better return on their investment into academic research. 
 Team NanoSound was composed of Dr. Andrew Barnard and Mr. Steven 
Senczyszyn from Michigan Technological University, and Mr. Steve Mattson of Great 
Lakes Sound and Vibration. The team participated in a series of I-Corps programs with the 
intent to commercialize technology being developed in Dr. Barnard’s laboratory. The 
technology being explored for commercialization is the carbon nanotube (CNT) 
thermophone. A thermophone is a loudspeaker that generates sound using temperature 
fluctuations, which is made possible through the use of CNT thin-films. These thin-films 
allow the speakers to be flexible, lightweight, and have conformable geometries, making 
them an ideal solution to many noise control problems.  
 As a result of these programs, Team NanoSound has developed a business model 
following the Lean Startup method taught in the I-Corps program. The business model 
aims to prove the technology in the heating, ventilation and air conditioning (HVAC) 
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market by providing an active noise control (ANC) solution to reduce the sound generated 
by air handling units. HVAC is seen as an entry point into commercialization, with future 
prospects of expanding into the automotive and military industries by providing an ANC 
muffler to supplement and eventually replace traditional passive vehicle exhaust systems.
 1 
1 Introduction 
Universities now serve more roles to students and academic professionals than ever 
before. What once began as a hub of knowledge, focused on education and research, has 
evolved to envelope a wide array of opportunities. One of the latest, and arguably most 
important, of these advancements has been the focus on commercialization of the 
technology being developed at universities around the world. Over the past 30 years, the 
number of university spinouts has grown exponentially with the introduction of the Bayh-
Dole Act in 1980 [52]. This has also led to the formation of technology transfer offices at 
academic institutions, as well as an increase in intellectual property (IP) owned by the 
universities [56]. This IP comes in many forms, including patents, trademarks, copyrights, 
and trade secrets. In addition, with this increase, a relationship has been formed between 
academia and industry, bringing them closer together than ever before [61].  
This collaboration between universities and industry has proven to be a mutually 
beneficial relationship. Many companies are pressured to remain competitive with fellow 
producers within their industry and need to continually innovate their product offerings, 
improve their quality, and increase cost effectiveness [52]. On the same note, these 
companies must also be mindful of how much they can afford in terms of technology and 
human resources they need to keep a competitive advantage. This is where academic 
partnerships become a key factor. This has led to an increasing trend over the past 25 years 
involving a collaboration between academic institutions and commercial industry to further 
advance these technologies [52]. To help facilitate these collaborations, academic 
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institutions have now created technology transfer offices (TTOs) which have become a 
staple in nearly every university across the country [46]. 
 Despite these recent advancements and improvements to the TTOs, a disconnect 
still exists when bridging industry and academia. Academic professionals tend to lack the 
skills and experience required to successfully launch a scalable start-up business from the 
technology that they have developed in their laboratory, which is most often in 
collaboration with industry. The Innovation Corps (I-Corps) program through the National 
Science Foundation (NSF) aims to provide academics with these skills so that greater 
success can be had in commercializing the same technology that they help fund [20]. The 
hope is that this will in turn provide a greater return on the investment that they place in 
research by generating more spinoffs from universities and creating more jobs. Currently, 
the NSF provides over $7.5 billion of funding to academic research every year [75]. By 
investing in students and researchers financially, and funding the $50,000 grants for each 
I-Corps team to participate in the program, the NSF hopes that this will in turn increase 
their return on these investments in the following years [75].  
 This report will explore the I-Corps journey from the perspective of a team from 
Michigan Technological University with no prior experience in entrepreneurship, starting 
with the on-site Initial Customer Discovery (ICD), provided at Michigan Technological 
University (MTU), through the national level I-Corps program based out of the Houston 
Southwest I-Corps node. This team, Team NanoSound, is comprised of Dr. Andrew 
Barnard, an assistant professor of mechanical engineering at Michigan Technological 
University acting as the principal investigator (PI), and Mr. Steven Senczyszyn, a 
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mechanical engineering graduate student at MTU acting as the entrepreneurial lead (EL). 
The purpose of this research was to determine the commercial potential and, if validated, 
develop a business model for the commercialization of new loudspeaker technology for 
use in active noise control applications in industries such as automotive, military, and 
heating, ventilation, and air conditioning (HVAC). This technology has been developed in 
Dr. Barnard’s laboratory for the past five years. Throughout this program, the team has 
conducted over 150 customer interviews to validate the commercial potential of the 
technology and the business model generated. 
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2 Background 
Prior to 1980, relatively few patents were issued to academic institutions in the United 
States [26]. However, in 1980, the Patent and Trademark Law Amendments Act, better 
known as the Bayh-Dole Act, was passed in Kansas [52]. This act granted academic 
institutions the right to ownership of the intellectual property (IP) generated through 
research conducted with federal funding. This act led to a boom in the number of patents 
issued to universities, increasing from 300 in 1980 to over 2,000 in 1996, and over 80,000 
patents issued to date, including 16,487 in 2015 alone according the Association of 
University Technology Managers (AUTM) 2016 report [10]. This has led to TTOs being a 
staple of nearly every university in the United States. Notable successes such as the 
formation of Google and Facebook have been the result of university technology 
commercialization efforts [42]. In total, academic technology has created over 11,000 
startups, 4.3 million jobs, and added over $1.3 trillion to the US economy since 1995 [42].  
 In 2011, the National Science Foundation (NSF) created the Innovation Corps (I-
Corps) program with the goal of providing academic professionals and students with the 
skills and experience needed to transition the research being funded by the NSF to market 
[19]. This program is focused around the concepts developed in Stanford University’s Lean 
Startup course. To date, over 1,100 teams from universities around the country have 
participated in the I-Corps program at the nation level, as well as many more at the local 
level through university nodes [19]. A key teaching throughout the program is that in order 
to understand your target market, one must get out of the laboratory and talk to 
professionals in their respective industries so that they can better understand the needs of 
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their customers [20]. By understanding the needs of potential customers, their technology 
and research can be better guided and focused to meet them, thus creating a better chance 
at commercial success. At the national level, this program imparts the importance of this 
concept by requiring 100 customer interviews to be completed throughout the 6-week 
program. Funding is also provided to encourage the teams to get out of their comfort zone 
and travel to potential customers at their place of business, conferences, and trade shows. 
2.1 Lean Startup 
 The NSF I-Corps program revolves around the Lean Startup method. The Lean 
Startup method was developed in 2011 by Steve Blank at Stanford University when he 
realized that startups needed their own unique approach to create a business plan [119]. His 
key discovery was that startups do not operate like smaller versions of large corporations, 
thus the traditional plans used by these companies will not work. Therefore, a new 
approach was needed that was more flexible and agile to accommodate the ever-changing 
nature of a startup. This Lean Startup approach relies on applying the scientific method to 
commercialization strategies to validate or invalidate hypotheses, incorporating customer 
feedback, and creating a repeatable and scalable business model. Since the introduction of 
this method, it has been adopted in over 100 universities worldwide and become the 
cornerstone of the I-Corps program.  
2.2 Carbon Nanotubes and the Thermophone 
The technology being explored for commercialization is the carbon nanotube (CNT) 
thermophone. A thermophone is a loudspeaker that generates sound through fluctuations 
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in temperature at acoustic frequencies, whereas a traditional moving coil loudspeaker 
which requires motion, or a velocity boundary condition, to produce the same effect [13]. 
This phenomenon was first discovered in 1898 when Braun found that sound could be 
produced when passing an alternating current through a bolometer [22]. Then, in 1917, this 
concept was further explored by Arnold and Crandall, who conducted the first scientific 
exploration into this technology when they attempted to create a telephone using a platinum 
thin-film [7]. However, this first attempt was limited by the high heat capacity per unit area 
(HCPUA) of the platinum films. Without a proper material to supplement it, this 
technology was left primarily untouched for nearly 90 years. That was until 2008 when 
researchers accidentally produced sound when passing an alternating current through a 
carbon nanotube (CNT) thin-film [82]. The CNT film possesses a sufficiently low HCPUA 
to produce tones up to 100 kHz [14]. Since the discovery of this material in 2008, 
significant research has been conducted towards the advancement of the CNT 
thermophone. Due to the nano-scale size of the CNT films, they are extremely lightweight 
compared to traditional loudspeakers, which require bulky magnets. The flexibility of the 
film and elimination of the velocity boundary condition also allow for unique geometries 
that would not be possible with a traditional loudspeaker. Additionally, due to the low 
HCPUA and dependence on temperature for operation, CNT thermophones are able to 
withstand high temperature environments, which are not optimal for the operation of 
traditional moving coil loudspeakers.  
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2.3 Potential Applications of the CNT Thermophone 
The aforementioned features of the carbon nanotube thermophone lend itself to 
applications in a wide range of different industries that would benefit from weight 
reduction, high temperature resistance, and conformable geometries. Throughout this 
study, the focus of this technology is primarily on applications involving active noise 
control. The industries that have been identified with a potential need for this technology 
have been the oil and gas, automotive, HVAC, and military markets. In the automotive 
market, a thermophone has the potential to replace the traditional passive muffler in vehicle 
exhaust systems, which require a large amount of volume and weight, and are unable to 
adapt to changing frequency contents seen in modern vehicles with variable cylinders. In 
the military market, the thermophone is also a potential solution to reduce the noise 
generated in military ground vehicle exhausts, which will allow warfighters to travel 
undetected. In the HVAC industry, this technology could reduce the noise generated from 
air handling units in large buildings. Finally, in the oil and gas industry, this has the 
potential to reduce community noise pollution and withstand the harsh environments of 
these systems. 
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3 Methods and Materials 
3.1 NSF I-Corps Programs 
The methods presented here will lay out each of the individual programs of the 
overall I-Corps experience. This journey started with the Initial Customer Discovery (ICD) 
program provided at Michigan Technological University (MTU) in the spring of 2017, 
followed by the 2017 Midwest I-Corps Industry Innovation program in Traverse City, MI, 
which was in partnership with the Center for Automotive Research (CAR) Management 
Briefing Seminars (MBS). Finally, this program concluded with the National I-Corps 
program provided through the Southwest I-Corps Node in Houston, TX during the fall of 
2017. Each of these programs built on the teachings of the one that came before it, 
continually leading to a greater understanding of the Lean Startup methods that are core to 
the I-Corps program. 
During the Michigan Tech ICD program, Team NanoSound was tasked with 
creating and refining a business model using the Lean Startup method and conducting 40 
customer interviews throughout the 4-week program. At this stage, Team NanoSound 
consisted of Dr. Andrew Barnard, the principal investigator, and Mr. Steven Senczyszyn, 
the entrepreneurial lead. The ICD program was led by Jim Baker and Mary Raber of the 
Michigan Tech Innovation Center for Entrepreneurship. Each week, the team was required 
to complete a minimum of 10 interviews and prepare a presentation summarizing their 
learnings from these interviews and how their business model had evolved using the 
Business Model Canvas. This course focused on the Value Proposition and Customer 
Segment blocks of the BMC, encouraging teams to focus on identifying their target 
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customer and what their technology will offer them. Overall, this program is geared 
towards preparing teams for the National I-Corps program by exposing them to the 
methods used in that program. 
 Following the ICD, Mr. Steven Senczyszyn then participated in the Industry 
Innovation program in July 2017 at the CAR MBS in Traverse City, MI, which regularly 
draws a crowd of over 1,000 key industry stakeholders in the automotive industry. This 
program is primarily geared towards teams that have either completed or are currently in 
the national stage of the program, but an invitation was extended for Mr. Senczyszyn to 
attend. During this program, the teams were led by mentors of the Midwest I-Corps node 
in exercises to refine their customer discovery skills, which were then put into practice 
when the teams conducted interviews with attendees of the seminar. Finally, each team was 
given the opportunity to present their technology and business model during a 10-minute 
pitch to those attending the conference, allowing them to reach a large audience and 
practice their professional presentation skills.  
 Ultimately, Team NanoSound participated in the National I-Corps program at the 
Southwest I-Corps node in Houston, TX. For this program, an industry mentor was 
required as a team member. For this role, Team NanoSound recruited Mr. Steve Mattson, 
president of Great Lakes Sound and Vibration, located in Houghton, MI. Mr. Mattson was 
the ideal candidate for this role, as he is a small business owner and his company’s work 
revolves around noise control applications. This was a 6-week intensive program, requiring 
each team to complete a minimum of 100 customer interviews, present their findings and 
updated business models to the teaching team each week, and develop a feasible business 
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model canvas and strategy for the commercialization of their technology. The rigorous 
pace of this program requires teams to constantly be traveling and chasing their next 
interview. The teaching team requires a minimum of 20 interviews each week to keep 
teams on track to complete their 100 interview target. During this time, the teams are also 
required to watch weekly video lectures that cover additional Lean Startup methods, meet 
with members of the teaching team for office hours, and prepare additional market research 
information to supplement their proposed business strategy. Overall, this program was a 
fitting culmination of all of the previous I-Corps work completed, combining all of the 
teachings previously seen, and reinforcing the Lean Startup methodology.  
3.2 Lean Startup and the Business Model Canvas 
The primary tool used throughout this program in the development of the 
commercialization strategy is the Business Model Canvas (BMC). The BMC was first 
created in 2004 by Alexander Osterwalder and Yves Pigneur with the intent to provide a 
more versatile tool for startup businesses, as opposed to the traditional business model [58]. 
This tool has since been adopted by the Lean Startup method and the I-Corps program as 
the primary business development tool. The BMC contains nine basic building blocks that 
describe how a company will succeed and make money. These nine blocks cover four main 
areas of a business: customers, offering, infrastructure, and financial viability. Combined, 
these nine categories create a blueprint for the organization to follow and execute. The nine 
blocks can be seen in the blank BMC (Figure 3.1). The two primary building blocks that 
are core to the I-Corps program are the Customer Segment and Value Proposition, as the 
most important outcome of this program is identifying a product that customers need.   
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Figure 3.1. Business model canvas layout [58] 
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4 Results 
4.1 Initial Customer Discovery 
Over the course of the 4-week ICD program, Team NanoSound gained valuable 
experience conducting customer interviews after completing all 40 of the required 
interviews. The interview process was difficult at first, facing issues with biased questions 
and keeping interviews on track; however, after practicing many interviews, dissecting past 
interviews, planning out questions ahead of time, and learning to maintain focus on the 
topic of conversation, the interviews conducted later in the course of the program were able 
to produce more useful information relevant to the hypothesis being tested. Throughout the 
course of this program, the team conducted interviews in a variety of different industries 
to better understand the competitive landscape. In the automotive industry the team 
interviewed a wide range of professionals, talking with noise and vibration experts at Ford 
and Toyota, to car salesmen and mechanics at local dealerships and repair shops in 
Houghton, MI, as well as Porsche and BMW dealerships in Florida and Pennsylvania. The 
power sports market was also explored, interviewing salesmen at local dealerships, as well 
as engineers at Polaris. Interviews were also conducted in the heavy machinery industry, 
speaking with engineers at John Deere. Overall, these interviews gave the team great 
insight into various industries and the noise control problems they are faced with.  
 Using the information obtained from these customer interviews, an initial BMC 
was created and continually updated to improve upon and focus on the key offerings of the 
product and the target customers as more information was collected. The primary focus of 
the BMC for this program was on the Value Proposition and Customer Segment blocks. 
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Initially, it was thought that this technology would ultimately be an active noise control 
muffler for the automotive market, and that the target customer would be the end user, 
meaning the purchaser of the vehicle this technology would be implemented in. It was also 
thought initially that the value the product provided revolved around improving the overall 
experience of the driver, with value propositions such as, “Have a cool sounding car that 
you can interactively adjust,” and “A quiet and peaceful ride.”  
 
 
Figure 4.1. Initial ICD Business Model Canvas Value Propositions and Customer 
Segments 
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Figure 4.2. Final ICD Business Model Canvas Value Propositions and Customer 
Segments 
 Research was also done during this program to determine the size of the markets 
available in a chosen industry. First, the Total Addressable Market (TAM), or the overall 
revenue size of the market including all competing products, was determined for the 
automotive industry. According to market data, the TAM for the automotive exhaust 
market is nearly $30 billion. Narrowing this market down, the Served Available Market 
(SAM), or the portion of the market targeted by the team’s specific technology, was 
determined to be approximately $3.5 billion for the luxury and sports car exhaust market. 
Finally, the Target Market that Team NanoSound chose to focus on was the Ford, GM, and 
Chrysler luxury and sports car exhaust market. This exercise was able to help the team 
narrow down which market they wanted to address as well as the financial opportunities 
that were present in the chosen market. 
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 Another key development of this program was the archetype of the target customer. 
By identifying who the customer we are trying to reach is, the team is better able to focus 
its marketing strategy to optimize the chances of this target customer learning about the 
product. Through this process, four primary attributes of the customer were defined: the 
customer description, the customer attributes, the archetype highlights, and the acquisition 
guidance. A summary of these attributes that were identified for the target customer can be 
seen below (Figures 4.3 and 4.4).  
 
 
Figure 4.3. Customer description and attributes 
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Figure 4.4. Customer archetype highlights and acquisition guidance 
 Throughout this program, a business thesis was also crafted and improved for Team 
NanoSound. The business thesis is a one sentence pitch that aims to convey the overall 
goal of the company and its technology. The initial business thesis was “We deliver a great 
sounding exhaust system that is easy to install and maintain.” After completing the 40 
customer interviews and digging deeper into the customer segments and value 
propositions, this business thesis was able to be improved throughout the program. At the 
end of the course, the final business thesis was “High performance active noise control in 
a low cost, lightweight, and compact package using carbon nanotube technology.” This 
final business thesis clearly presents the value that the technology is offering in the form 
of cost, weight, and volume savings, however it does not address who the target customer 
is.  
4.2 Midwest I-Corps Industry Innovation Program 
During the Industry Innovation program, Mr. Steven Senczyszyn, the entrepreneurial 
lead, was able to engage with and interview leading experts in the automotive field over 
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the 5-day course of the conference. During this time, over 20 interviews were conducted 
with managers and executives from automotive tier 1 suppliers and OEMs. The opportunity 
was also provided to present a 10-minute pitch in front of a group of these professionals. 
This provided exposure for the team and the technology, drawing in interest from several 
people involved in the automotive market. Building off of the results of the ICD program, 
the Industry Innovation was the perfect opportunity for Team NanoSound to continue their 
customer discovery in the automotive market. The interviews conducted at this conference 
drew in a lot of interest to the technology as a potential enhancement to future vehicle 
platforms.  
 
Figure 4.5. Business model canvas presented at the Midwest I-Corps Industry Innovation 
program 
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4.3 Southwest I-Corps National Program 
Over the course of the 6-weeks of the National I-Corps program, Team NanoSound 
conducted over 110 interviews, with 103 of those interviews being in-person. The pace of 
the national program was much faster and more rigorous than the previous programs. As 
such, the team made substantial progress towards their commercialization strategy. Going 
into this program, the team has identified four major industries of interest: automotive 
exhaust, military, HVAC, and oil and gas. After the first three days conducting interviews 
in Houston, the oil and gas industry was quickly invalidated, leaving automotive, HVAC, 
and military as the primary industries. The first step to further explore these industries was 
to create a petal diagram, which identifies the financial size of the market and the major 
companies within each of those industries (Figure 4.6). The HVAC market was split into 
HVAC and industrial ventilation for this diagram. 
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Figure 4.6. Petal diagram of automotive, HVAC, and military industries  
 After completing 30 interviews within the automotive industry, this market 
segment was invalidated as well. This was due to the large manufacturing capital required 
to produce the high volumes required in this industry at low profit margins, low tolerance 
for manufacturing errors, and strict requirements necessary to become a certified supplier 
to the OEMs and tier 1 suppliers. However, even though this market was invalidated as an 
entry point for a startup, a need for this technology was found in this industry and a lot of 
interest was generated. This industry will remain as an option for future growth, however 
just not for a market entry point.  
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 The automotive industry was thought to be the perfect market fit for this technology 
after the ICD and Industry Innovation programs, however only the military and HVAC 
markets remained as viable options. The team conducted more interviews in the military 
market, and quickly learned that it was also a difficult landscape to break into as a startup, 
similar to the automotive industry. These findings led to the military market also being 
invalidated. With this information, the team decided to pivot away from exhaust systems 
and focus purely on HVAC applications. For the remainder of the National I-Corps 
program, the team focused on only conducting interviews with those involved in the HVAC 
market, ranging from engineers and architects, to general contractors, to HVAC 
subcontractors. Interviews in this market segment allowed the discovery to be made that 
there is a need for this technology in hospitals, theaters, and schools, areas which are 
extremely sensitive to noise, and excess amounts of noise in these areas can be detrimental. 
In hospitals, excess noise can inhibit patient recovery [30,34,50,55]. In schools, particularly 
elementary schools, noise has a known negative correlation with student learning outcomes 
[54,63,78]. Finally, in theaters, HVAC noise can distract from the performance and 
negatively impact the theatergoing experience [16,51].  
 After making the decision to pivot and focus purely on the HVAC market, further 
development of the business strategy was actively pursued. The first step was to create the 
customer workflow for construction projects. After talking to a range of professionals in 
the industry, a clear picture of the workflow was completed (Figure 4.7). By understanding 
this workflow, the team was able to pinpoint exactly where the technology fit. The key 
partner to enter the market would be with the HVAC manufacturer’s representatives, who 
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supply components to the HVAC subcontractors. By understanding this connection as the 
entry point to the industry, the manufacturer’s representatives could serve as evangelists, 
or promoters, of the technology. By creating exclusive deals for representatives of different 
areas, which is a standard practice for the industry, they would be incentivized to sell by 
offering them an advantage over their competitors.  
 
Figure 4.7. Customer workflow diagram for the HVAC industry 
 Once the customer workflow had been discovered, a more detailed marketing 
strategy was devised. First, the demand creation budget and forecast was created, which 
outlines the key areas of marketing and the costs associated with them (Figure 4.8). It was 
decided that the best places to market the thermophone technology would be at trade shows 
and conferences, advertising online and in trade publications, and through personal sales 
visits. The costs associated with each of these were estimated, coming to a total customer 
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acquisition cost (CAC) of $5,800 per customer for the first year, assuming that the business 
was able to acquire two new customers per month for the first year.  
 
Figure 4.8. Demand creation budget and forecast 
 Following the creation of the demand creation budget and forecast, the get-keep-
grow strategy was created (Figures 4.9 and 4.10). If the demand creation budget and 
forecast is the strategy for generating interest and awareness of the technology, the get-
keep-grow strategy is the method to turn that interest into a growing business. Generating 
awareness is the first step in the get strategy. From this awareness, interest is generated, 
which can be quantified by the number of calls received, the number of clicks on the 
website, and the amount of requests for information (RFIs) received. This interest then 
feeds into consideration, which can be quantified through the number of requests for quotes 
(RFQs) received and the amount of demonstration requests received. Finally, all of this 
will ultimately result in the number of products that have been purchased. The word of 
mouth generated through these purchases and installations will again generate awareness, 
which creates a viral loop, continuing to generate more customers.  
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After the get strategy comes the keep and grow portion. Once a purchase has been 
made and a new customer has been acquired, the company wants to keep this customer 
returning by providing incentives. The keep strategy that was formulated involves keeping 
customers by offering routine software updates, providing continuous customer contact 
and support through a dedicated sales team, and providing manufacturers and extended 
warranties, which can cover routine maintenance and inspection. Once the keep strategy 
had been devised, a method to grow these existing customers and increase the lifetime 
value (LTV) of each customer must be developed. The first method is to unbundle 
additional services that may be provided, such as an extended warranty, and also by 
providing a training and certification program for local HVAC repair to become certified 
to fix the product. Additionally, the company will be able to upsell premium features of 
the technology that are not part of the minimum viable product (MVP). Some of the 
features that can be added are Bluetooth connectivity, a speech privacy mode, and major 
software updates. Eventually, the product line will be able to expand, allowing the 
opportunity to cross-sell these additional products. For example, a line of quiet diffusers, 
which could create a more quiet and peaceful environment in specific rooms. Finally, the 
last step of the grow strategy is to gain customer referrals. The goal is to have customer 
word-of-mouth generate interest and sales to additional clients, thus feeding back into the 
viral loop of the get-keep-grow strategy.  
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Figure 4.9. Get strategy for the HVAC market 
 
Figure 4.10. Keep and grow strategy for the HVAC market 
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 After completing an additional 50 interviews in the HVAC industry and creating a 
marketing strategy, a final business model was created for the commercialization of the 
CNT thermophone (Figure 4.11). Team NanoSound plans to first create a minimum viable 
product (MVP) of the technology, capable of cancelling up to 20 dB of adverse noise in 
HVAC systems. Once an MVP has been identified and proven, the team will then begin 
the process of forming a company. After the company has been formed, the marketing 
strategy will then be implemented, creating advertisements and displaying the technology 
at trade shows and conferences. The goal for the first year of operation is to acquire 
customers that have noise control issues that cannot be solved with traditional passive 
methods, such as hospitals which cannot have any fibrous material present. By acquiring 
these customers, the company will be able to work with them to create a custom solution, 
providing both engineering services and the implemented solution. By starting with this 
low-volume hybrid approach, the company will begin to grow in size to the point where it 
is able to sustain a full manufacturing operation and expand into the commercial HVAC 
market. Once the technology has been proven in the HVAC industry, the team then plans 
to invest the earnings into expanding the manufacturing capabilities, eventually reaching 
the point where they are able to handle the high demand of the automotive industry and 
expansion of the product line.  
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Figure 4.11. Final business model canvas 
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5 Discussion 
5.1 I-Corps Lessons Learned 
Over the course of these three I-Corps programs, valuable lessons were learned not 
only in navigating the business landscape, which is a challenge coming from an 
engineering background, but also in professional communication and how to guide 
research. The business concepts that were taught throughout this program were easily 
understood as each lesson was put into practice the following week. This gave the team a 
firsthand understanding of how it applied to their business strategy in real time. 
Additionally, these topics were reinforced throughout each of the three I-Corps programs, 
providing opportunities for them to be understood in detail. The professional 
communication skills taught in this program have been extremely valuable. By engaging 
directly with industry professionals at all levels and over a wide range of industries, the 
customer interviews have led to improved conversation and listening skills. Along the same 
lines, there has been a marked improvement in presentation quality as well. By learning to 
create engaging media, such as videos and PowerPoint presentations, the technical 
concepts of the thermophone and the overall business strategy have become easier to 
convey to those unfamiliar with the technology. Overall, the lessons on focusing research 
into areas that are not only interesting from an academic perspective, but also from a 
commercialization standpoint have been invaluable.  
5.2 Personal Growth/Tips and Tricks for Successful Interviews 
The NSF I-Corps program helps promote not only academic growth through 
lectures and readings, but also personal development throughout each course. Looking 
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back on the beginning of the ICD program at Michigan Tech, a dramatic increase has been 
seen in the presentation skills, interpersonal skills, and confidence of the EL. These 
improvements can be attributed to the supportive nature of the I-Corps program and 
teaching team. While they can be tough at times, the uncomfortable situations that they 
create help promote personal growth. One of the best learning situations that they put the 
EL in is requiring that they are the only team member to speak during the team 
presentations, while the PI and IM remain silent. This puts the spotlight purely on the EL, 
not allowing them to fall back on to their team members. This practice was stressful at first, 
but after the first sessions were over, it created a large confidence boost being in control of 
the team image and message.  
One of the most challenging tactics to understand throughout this program was how 
to conduct a good interview. Ideally, during the interview process, one does not want to 
ask guided questions, such as “Would you be interested in a product that was less 
expensive?” The majority of the responses to this type of question are always going to be 
“Yes.” Instead, it is important to allow the customer to lead you to this information by 
digging deeper into the root cause of their issues and what features are a necessity to them. 
Another beneficial tactic to practice is to learn to talk less and listen more. It may be 
uncomfortable at first but allowing for pauses in conversation can be beneficial. This 
allows the customer a chance to think further on the subject and can lead to valuable 
learnings. Overall, these lessons could not have been learned without the amount of 
interviews that the program requires the team to complete. 
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Another key learning in the interview process was to conduct as many in-person 
interviews as possible. The information obtained from meeting in person far outweighs that 
gained from phone or web interviews. When meeting in person, it is possible to observe 
the body language of the customer and better read their facial expressions. This can lead to 
deeper insight by understanding when they get excited or emotional about a certain topic, 
which allows you to ask further questions and discover their burning issues. Meeting in 
person also presents opportunities to see the facilities first hand. If a customer presents the 
offer to tour the facilities, a much better understanding of the manufacturing processes and 
issues can be found. Finally, it is beneficial to have two team members present at the 
interview whenever possible, one to conduct the interview and one to take notes. Allowing 
the interviewer to focus purely on the line of questioning they are pursuing without having 
to focus on note-taking is extremely beneficial. Once these interview tactics are learned 
and properly applied, a significant increase in both the amount and quality of data collected 
will be seen.  
5.3 Benefit to the University 
Participation in this program not only benefited the participating team, but has also 
brought many benefits back to Michigan Tech. The practice of customer discovery can be 
highly beneficial as a teaching tool to help students dig deeper to find the core issue to 
solve a problem. Whether it be in senior design projects, enterprise interaction with 
industry, or research projects, teaching students to engage with their customer will not only 
reflect more positively on the university, but also lead to better results in these projects. 
For example, Dr. Barnard has discussed implementing these techniques into his courses 
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where students are given design projects that interface with industry professionals. He has 
also discussed incorporating this process with his graduate students to help them better 
understand and convey the true purpose behind their research and the benefit it will 
provide. The team’s participation in the I-Corps program also drew the attention of the 
local news channel, ABC 10 News. A local report picked up the story and interviewed Dr. 
Barnard and Mr. Senczyszyn. This segment further spread the awareness of this new 
technology and the role that the university played in pursuing its commercialization.  
5.4 Evolution of the NanoSound Business Model Canvas 
Looking back on the evolution of the business model canvas that was originally 
developed in the ICD, the business model for Team NanoSound has improved 
tremendously by learning the fundamentals of the Lean Startup method. Two of the biggest 
areas of improvement have been the customer segments and the value propositions. The 
understanding of what makes a good value proposition has increased dramatically, and 
through over 150 customer interviews, the target customer segments have been thoroughly 
explored. In the case of active noise control technology, the end user is not likely to be the 
target customer. Initially, it was thought that the target customer in the automotive market 
was going to be the purchaser of the vehicle, however it was learned through the 
development of the business model, the customer of interest is going to be the manager 
making the decision on which product to spec into the vehicle platform and who the 
supplier for that product will be. By gaining a better understanding of the customer 
workflow, the chain of decisions is able to be seen, and from that the entry point for the 
technology can be identified. Additionally, the improvement in value propositions has been 
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notable as well. The initial value propositions were vague and qualitative. This is just one 
example of the many improvements that have been made. In the final BMC, it can be seen 
that the value propositions have specified results and a quantitative measurement along 
with each.   
5.5 Technical Design Challenges 
Going into the I-Corps program, the team knew that there were still questions 
regarding the CNT thermophone technology that were not yet answered. The three primary 
concerns were the thermal cycling of the CNT, the challenge of finding a suitable material 
to protect the CNT thin-film, and improving the efficiency of the thermophone. During 
previous research done in Dr. Barnard’s laboratory, the CNT thermophones have only been 
operated for relatively short durations. In commercial applications, these systems will be 
in operation for extended periods of time, ranging from hours to months, or even years at 
a time. There was also concern in finding a suitable material to separate the CNT thin-films 
from the external environment while still remaining acoustically transparent. In previous 
testing, the barrier material had been the point of failure in high flow environments. Finally, 
there were initial thoughts on how the efficiency of the thermophone could be improved. 
When operated in air, the CNT thin-films can fail when particulate falls on the surface and 
combusts, which leads to cascade failure. There has been interest from the team in 
operating the thermophone in different ambient gases that are inert, such as argon, which 
would allow the thermophone to operate at higher temperatures.  
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After talking with professionals in the automotive, HVAC, and military industries, 
some concerns and questions were raised that the team was not prepared to answer based 
on previous research. In automotive and military exhaust applications, many of the 
engineers were concerned with system’s ability to withstand multiple environments. For 
instance, many times a vehicle will need to start in freezing weather, after which the 
exhaust components rise to high temperatures in a short period of time. Another concern 
was raised about the fragile nature of the CNT thin-films, as they can be easily destroyed 
when exposed to airflow or moisture. Many vehicle components have difficulty remaining 
sealed from moisture and debris, with engineers citing headlights as an example. Finally, 
questions were also asked regarding the durability of the CNT in response to external shock 
and vibration, as vehicles must be able to withstand the vibration from multiple road 
surfaces. In the HVAC industry, similar concerns arose when discussing the long-term 
effectiveness of the ANC system. Currently, customers expect a traditional passive silencer 
to last upwards of 15 years with low maintenance requirements. However, once installed, 
these systems are unmoved until they are replaced. Finally, concerns were also raised in 
the HVAC industry about the effects of nanoparticles on the human body, and how this 
would affect the adoption of this technology in sensitive areas.  
 Learning the concerns voiced from an industry perspective has altered the team’s 
research priorities both in understanding concerns and how they should be approached for 
each industry. To address these issues, research plans have been developed to gain a better 
understanding of the technological needs that are needed to succeed in commercialization 
efforts. For the automotive and military exhaust technology, a research plan has been 
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developed to investigate the effects of road vibration and environment on the CNT. This 
will be accomplished by taking a measured profile and exciting a prototype system using 
the Dongling shaker at Michigan Tech. To understand the environmental factors, a test 
chamber will be created that can be used to continuously cycle the system from freezing 
conditions to warm weather conditions. In pursuing the HVAC market, a research plan has 
been developed to understand the long-term durability of the CNT thermophone. 
Performing an accelerated lifetime test can help provide a prediction of how these systems 
will hold up over time, and whether they can compete with the traditional passive silencer 
in terms of durability. Lastly, more research will also be done looking into regulations on 
nanoparticles in environments such as hospitals. Understanding these regulations will 
provide the necessary knowledge to create a design that will remain compliant with future 
regulations. Performing customer discovery allowed for valuable insights into both the 
needs and concerns that each industry has. Without this insight, the research plan for the 
technology would not be focused in areas of high necessity. 
5.6 Future Work 
The National Science Foundation I-Corps program has instilled the entrepreneurial 
spirit in the NanoSound team. After completing the national I-Corps program, the team has 
decided to continue pursuing the commercialization path for this technology laid out in the 
previous sections. In the coming months, the team plans to participate in several pitch 
competitions in Michigan, such as the Central Michigan University New Ventures 
Competition and the Greenlight Michigan Business Model Competition. The team has also 
applied for additional funding to continue this pursuit through the Michigan MTRAC 
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program, the NSF PFI-TT, and T3N funding. With these funds, the team will be able to 
collaborate with Great Lakes Sound and Vibration to produce a prototype for the HVAC 
industry, improve the current design of the automotive exhaust system, and continue 
customer discovery. If these ventures prove successful, the team plans to form a company 
in the next 12-18 months. The team is still actively pursuing customer discovery as well to 
find the best entry point for commercialization. Since the completion of the I-Corps 
programs, Mr. Senczyszyn has attended the AHR Expo and ASHRAE conference in 
Chicago, IL, where he conducted an additional 25 customer interviews. These events 
regularly attract upwards of 70,000 HVAC professionals, providing ample opportunity to 
understand the needs of the industry and explore the product offerings of competing 
companies. The team plans to continually pursue customer discovery, as this is a process 
that never ends and can always provide additional benefits.  
 35 
6 Conclusion 
Overall, participation in this series of National Science Foundation I-Corps 
programs has proven to be beneficial not only for the team of Dr. Andrew Barnard, Mr. 
Steve Mattson, and Mr. Steven Senczyszyn, but for Michigan Technological University as 
a whole. By completing the Initial Customer Discovery, Industry Innovation, and National 
I-Corps programs, the team has developed an understanding of the Lean Startup 
methodology and the business model canvas and put these learnings to use in developing 
a sustainable business model to pursue the commercialization of the carbon nanotube 
thermophone technology. After completing over 150 customer interviews in the 
automotive, HVAC, military, and oil and gas industries, the team has decided that the best 
market for entry is the HVAC market, where the active noise control technology can reduce 
the system footprint, lower operating and construction costs, and reduce the backpressure 
on the air handling system. The automotive market, which was initially thought to be the 
ideal entry point, was found to be a non-starter due to the high volume production 
requirements, stringent supplier requirements, and low profit margins. However, this does 
not mean that the automotive market is out of the business model for good. By establishing 
the technology in the HVAC market, this allows the opportunity to incrementally grow the 
business to the scale that would be necessary to become a serious competitor in the 
automotive market. Participation in this program has instilled the entrepreneurial spirit in 
the team, and progress has been moving forward in pursuing this opportunity further since 
the conclusion of the I-Corps program. The team has applied for additional follow-on 
funding through the Michigan PFI-TT, T3N, and MTRAC programs, continued customer 
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discovery at conferences and trade shows, and been accepted to pitch competitions to pitch 
their business model against others. Overall, this program has been successful in its goal 
to help commercialize technology and bridge the gap between academia and industry.  
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